Characterization of the signal for rapid internalization of the bovine mannose 6-phosphate/insulin-like growth factor-II receptor.
The signal for rapid internalization of the mannose 6-phosphate/insulin-like growth factor II receptor has been localized to the sequence Tyr-Lys-Tyr-Ser-Lys-Val in positions 24-29 of its 163-residue cytoplasmic tail. Most of the activity of this signal is mediated by the carboxyl 4 amino acids, especially Tyr26 and Val29 (Canfield, W. M., Johnson, K. F., Ye, R. D., Gregory, W. and Kornfeld, S. (1991) J. Biol. Chem. 266, 5682-5688). In this study, we have tested the effect of a series of mutations on the internalization rate of a mutant receptor that contains a 29-amino acid cytoplasmic tail terminating with the 4-amino acid internalization sequence Tyr-Ser-Lys-Val. Replacement of Tyr26 with Phe or Trp gave rise to mutant receptors that were internalized at 10% the wild-type rate, while receptors with Ala, Leu, Ile, Val, or Asn at this position were totally inactive. Val29 could be replaced by other large hydrophobic residues (Phe, Leu, Ile, or Met) with no loss of activity, but the presence of Ala, Gly, Arg, Gln, or Tyr in this position inactivated the signal. Ser27 could be effectively replaced by many different amino acids, but not by Pro or Gly. However, Gly27 could be tolerated if the residues at positions 28 and 29 were also changed. A change in the 2-residue spacing between Tyr26 and Val29 destroyed the signal. These data show that the essential elements of this signal are an aromatic residue, especially a Tyr in the first position, separated from a large hydrophobic residue in the last position by 2 amino acids. The residues in positions 2 and 3 of the signal may have a modulating effect on its activity. The Tyr-Ser-Lys-Val signal could be moved to a more proximal region of the cytoplasmic tail with only a modest loss of activity. In addition, the signal could be effectively replaced by the putative 4-residue signals of seven other receptors and membrane proteins known to undergo rapid endocytosis, including the Tyr-Thr-Arg-Phe sequence of the transferrin receptor, a Type II membrane protein. These results are compatible with the 4-residue signals of this type being interchangeable, even among Type I and Type II membrane proteins.